The Chloranthaceae is a small family with only four genera (Ascarina, Chloranthus, Hedyosmum, Sarcandra), of which nearly 70 species are distributed around the world. Chemical constituents in Chloranthaceae plants, especially sesquiterpenes, have attracted a great deal of attention in recent 5 years. Many characteristic constituents of this family may be responsible for anti-microbial, anti-tumor and other activities. In order to provide information for the future research, the structures and biological activities of the known constituents from the plants of Chloranthaceae have been reviewed in this article.
Introduction
The Chloranthaceae is a small family with only four genera (Ascarina, Chloranthus, Hedyosmum, Sarcandra), nearly 70 species which are distributed throughout tropics and subtropical zones of South America, East Asia and Pacific. Genus Ascarina consists of about 12 species, found in the Australian region, the Pacific Islands and Madagascar. The genus Chloranthus consists of 15 species, mainly distributed in eastern Asia, and all species can be found in China. Genus Hedyosmum is mainly distributed in tropical America, and consists of 41 species. The last genus Sarcandra consists of three species. Of those plants in Chloranthaceae family, there are three genera ( Chloranthus, Hedyosmum, Sarcandra), 16 species and five varieties distributed in China. Many species of Chloranthaceae have been used as herbal medicines which show varied medicinal features. In order to provide information for the further research work, this article reviews the structures and biological activities of the known constituents from the plants of Chloranthaceae.
Chemical constituents
Of over 70 
Sesquiterpenoids
Plants of Chloranthaceae are rich in sesquiterpenes of eudesmane, lindenane, guaiane, germacrane, cadinane, and aromadendrane-type compounds.
Eudesmanes
Eudesmanes are the main constituents in the genus of Chloranthus, mainly found in the species C. serratus (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) , C. spicatus (18) (19) (20) (21) (22) (23) (24) (25) (26) (27) (28) (29) (30) , C. Henryi (31) (32) (33) (34) (35) (36) (37) (38) (39) (40) (41) (42) , C. elatior (43) (44) (45) (46) (47) (48) (49) (50) (51) (52) (53) (54) (55) , C. japonicus (56) (57) (58) (59) (60) (61) (62) (63) (64) (65) (66) , C. multistachy (75) (76) (77) (78) (79) (80) (81) , C. anhuiensis (82) (83) (84) (85) (86) , C. angustifolius (87) (88) (89) , C. glaber (90) , C. fortunei (91) , and C. erectus (92) . In the genus of Sarcandra, eight eudesmanes (67-74) have been isolated from S. glabra. As for the genus of Hedyosmum, only two eudesmanes (93 and 94) have been found, one in H. orientale and second in H. brasiliense. Totally 94 eudesmanes have been reported to date. In 1985, the first three eudesmanes 1-3 were isolated from the roots of C. serratus [1] . Compounds 4-7 [2] , 8-15 [3] and 16-17 [4] were isolated from the whole plants of C. serratus. Compound 4 possesses a nitro group at C-1 which is an uncommon substituent of eudesmane-type sesquiterpenes. Compound 8, named serralactone A, was first isolated from the whole plants of C. serratus in 2009. But in 2010 it was isolated again from the whole plants of S. glabra, mistakenly reported as a new sesquiterpene and named sarcandralactone B [5] . Thus, serralactone A and sarcandralactone B show virtually identical HR-MS, 1 H-NMR and 13 C-NMR spectra. Chloranthus spicatus plants grown in Vietnam mainly produce flowers for scenting tea. Phytochemical investigation of this plant have led to compounds 2 and 18, which have been isolated for the first time as minor constituents of the essential oil from the flowers of C. spicatus [6] . Compounds 19-23 have been isolated from a polar extract of the aerial parts of C. spicatus [7] . Among them, compounds 19 and 20 differ in absolute stereochemistry at C-4, and compound 23 is a cycloeudesmane-type sesquiterpene. Compounds 24-27 have been isolated from the roots of C. spicatus [8] . Compound 25 has an eudesmane-type backbone with the same substitution pattern as compound 24, but differs in the stereochemistry of the H-C fragment (R = H), as shown in Figure 1 . Compound 26 was first isolated from the roots of C. spicatus in 2010 and, mistakenly, also reported as a new compound from the whole plants of C. multistachys in 2012 [9] and named multislactone A. Compound 27 is an O-methylated derivative of 26. In 2012, Yang and co-workers re-examined the data of C. spicatus in order to explore the chemical differences between aerial parts and whole plants. As a result, two new compounds 28, 29, and one known compound 30 were isolated [10] . Compound 29 was reported as a new sesquiterpenoid both in the whole plants of C. spicatus and C. elaior in the same year [11] .
The species C. henryi has long been used as a folk medicine for dispelling pathogenic wind, removing dampness, and for promoting blood circulation. In 2005, compounds 31-32 were isolated from the roots of C. henryi for the first time [12] and compounds 33 [13] and 34 [14] were isolated from leaves and stems of C. henryi. The structure of 33 was elucidated by spectroscopic methods. Compound 34 has an uncertain configuration at C-11. Compounds 5, 35 and 36 have been isolated from leaves and stems of C. henryi [15] . Compounds 37-39 have been isolated from roots of C. henryi [16] . Compounds 40-42 have been isolated from the whole plant of C. henryi [17] . Compound 41 shows a significant anti-neuroinflammatory effect by inhibiting nitric-oxide (NO) production in lipopolysaccharide (LPS)-stimulated murine BV-2 microglial cells with relatively low cytotoxicity.
The species C. elatior is a perennial plant that grows in the Southwest of China. In 2012, two compounds 43 and 44 were isolated from the whole plants of C. elatior [11] . Six 2-oxoeudesm-7(11)-en-12,8-olide derivatives, named chlorantholides A-F (45-50), were isolated from the ethanol extract of C. Elatior [18] . These six new compounds all have an α,β-unsaturated carbonyl group at C-2 position, and their compound 51 with a methoxy group rather than a tertiary hydroxy group at C-4 was isolated from the ethanol extract of the aerial parts of C. elatior [19] . In 2014, four novel naturally occurring diastereoisomers of dinor-eudesmenes with a degraded five-membered ring B, compounds 52-55, were isolated from the aerial parts of C. elatior. Their biosynthesis apparently involves a series of oxidation, degradation, and rearrangement reactions [20] .
To date, 14 eudesmane-type sesquiterpenes have been isolated from C. japonicus. The first one, compound 56, was isolated from the whole plants of C. japonicus in 1980 [21] . Two additional compounds 57 and 58 were isolated in 1984 [22, 23] . Chemical investigation of the roots of C. japonicus have resulted in the isolation and C-NMR spectrum of 59 has been assigned to the carbonyl of the cinnamoyl group. The (E)-configuration of the cinnamoyl group is fully consistent with the coupling constant of 16.2 Hz observed in the doublets for the two olefinic H-atoms at δ 8.09 and δ 6.95. Compounds 63 and 64 have been isolated from the aerial parts of C. japonicus [25] . Compound 64, a novel sesquiterpene furan compound, shows antifungal activity [26] . A new sesquiterpene lactone 65 has been isolated from an ethyl acetate-soluble partition of the ethanol extract of the whole plants of C. japonicus [27] . Compound 66 is a new eudesmane-type sesquiterpenoid lactone isolated from the whole plant of C. japonicus [28] .
The species Sarcandra glabra, belonging to the genus Sarcandra of Chloranthaceae, grows mainly in the southern part of China and Japan. The whole plant has been used as an antibacterial and antitumor agent in China. The first three new eudesmanolide glycosides, 67, 68 [29] and 69 [30] , have been isolated from the whole plant of S. glabra; their sugar moiety has been determined as D-glucose. A new sesquiterpene lactone 70 has been isolated from the whole plant of S. glabra [31] . Phytochemical study of the ethanol extract of S. glabra has resulted in the isolation of a new sesquiterpene 71 [32] . In 2012, as a continuation of the chemical investigation of S. glabra in the search for hepatoprotective substances, a new sesquiterpene lactone 72 was isolated [33] . Compound 73 has been isolated from the 70% aqueous acetone extract of the whole plant of S. glabra and, by far, it is the only eudesmane with a hydroxymethyl substitutent at C-4 found in plants of Chloranthaceae. In the MTT assay, compound 73 has shown little cytotoxic activity against Hela, HCT-8 and MCF-7 cancer cell lines with IC 50 > 50 µg mL -1 [34] . A new sesquiterpenoid monomer 74 has been isolated from the whole plants of S. glabra [35] . 
Figure 1 (continued)
The plant Chloranthus multistachys is a perennial herb distributed in wet areas of eastern Asia. Compounds 75, 76 [36] and 77 [9] have been isolated from the whole plant of C. multistachys. The structure of 76 given in the literature [36] is wrong, and the actual structure must be 76a (9α-hydroxyasterolide) [37] (Figure 1 ). In 2013, compounds 78-81 were isolated from the whole plant of C. multistachys [38] . Compound 79 is the only eudesmane sesquiterpenoid with an epoxide ring located between C-4 and C-15 in compounds of the Chloranthaceae family. Chloranthus anhuiensis is a species endemic to Anhui Province of China, and its chemical constituents were not investigated until 2010 when four compounds 82-85 were isolated from the roots of this plant (compound 83 was revised as 48 in 2012 [18] ). Antifungal screening of the compounds conducted with the NCCLS M27-A method have showed that the compounds exhibit weak antifungal activities [39] . Compound 86 is produced as phytoalexin in the fresh leaves of C. anhuiensis in response to abiotic stress elicitation by CuCl 2 , and it is the fourth eudesmane glycoside isolated from plants of Chloranthaceae [40] . Plant Chloranthus angustifolius is an endemic species found in Sichuan and Hubei provinces of China. There are few reports about its chemical constituents. In 2014, two new eudesmane-type sesquiterpenes, compounds 87 and 88, were isolated from the roots of C. angustifolius [41] . The following year, compound 89 was isolated from the aerial parts of this plant [42] . Compound 89 can be used to differentiate C. angustifolius from other species of Chloranthus because of the fact that it has not been isolated from other species of this genus so far. The eudesmanolide 90 has been isolated from leaves of C. glaber [43] . Compound 91 has been isolated from the roots of C. fortune [44] and, for the first time, from the genus of Chloranthus. From the leaves of C. erectus, a new secoeudesmanolide 92 has been isolated. It has been suggested that compound 92 is formed by a series of consecutive transformations of chloranthalactone B (124) as shown in Scheme 1 [45] .
Plants of the Hedyosmum genus (Chloranthaceae) are mainly distributed in the tropical area of America, and only one species, H. orientale, grows in China. Compound 93 has been isolated from the aerial parts of H. orientale. It shows moderate activities against A-549 and HL-60 tumor cell lines with the IC 50 values of 3.1 and 8.8 µm, respectively [37] . The plant H. brasiliense is an aromatic and dioecious neotropical shrub endemic to Brazil; compound 94 has been isolated from its leaves for the first time [46] .
Lindenanes
The distribution of lindenane sesquiterpenes in natural sources is limited, but Chloranthaceous plants have been found to be rich in unusual sesquiterpene lactones having a lindenane skeleton. These derivatives are named shizukanolides and chloranthalactones. In total, 41 compounds have been reported to date. They are mainly found in species C. japonicus (95) (96) (97) (98) (99) (100) (101) (102) (103) (104) (105) (106) (107) (108) (109) (110) (111) (112) (113) (114) , S. glabra (115) (116) (117) (118) (119) (120) (121) (122) 134 and 135) . Because of its special 3/5/6 linear cyclic system, lindenanolides can be regarded as characteristic constituents of some Chloranthaceae plants and might be used as chemotaxonomical markers [47] .
Lindenanolide 95 was isolated for the first time in 1979 from plants of Chloranthaceae from aerial parts of C. japonicus [48] . Compounds 96-98 have been found in the whole plants of C. japonicus. Compound 98 contain two hydroxy groups in addition to a lactone ring [21] . The cytotoxicities of these three lactones against mouse lymphosarcoma L-5178Y cells have been evaluated in comparison with that of helenalin. These lactones are moderately cytotoxic. In 1981, a 15-hydroxylindenanolide 99 was isolated from roots of C. japonicus. The compound does not show antifungal activity against Mucor griseocyanus AHU 6044 compared with that of chloranthalactone A, which is known to be highly active [49] . A highly oxygenated lindenanolide 100 has also been isolated from roots of C. japonicus. The compound has a relatively unique γ,δ-epoxy-α,β-unsaturated-γ-lactone moiety, which has been rarely found in natural products [50] . Compound 101, the structure of which has been revised to the eight-epimer in the literature [25] , has been isolated from the aerial parts of C. japonicus. It shows mild inhibitory effects on collagen, U45519, AA and epinephrine induced platelet aggregation [51] . The third lindenane sesquiterpene glucoside 102, found in Chloranthaceae plants, has been isolated from the whole plant of C. japonicus [52] . This compound has also been reported as a new constituent of S. glabra [30] .
Six new lindenanolides 103-108 have been isolated from an ethyl acetate-soluble partition of the ethanol extract of the whole plants of C. japonicus [27] . In 2012, three new compounds 109-111 were isolated from the aerial part of C. japonicus [25] . Compound 110, named chlorajapolide G, was also reported as a new lindenane-type sesquiterpenoid lactone, named chlojaponilactone E, identified in the same plant in 2013. Four lindenanoids 110 and 112-114 have been isolated from AcOEt-soluble part of the EtOH extract of whole plants of C. japonicus [53] . Compounds 112 and 113 are the only two lindenanoids with an OAc group at the C-6 position.
The lindenanoid glucosides 115 and 117 have been isolated from the whole plant of S. glabra [29, 30] . Compound 115 shows pronounced hepatoprotective activity against D-galactosamine-induced toxicity in WB-F344 rat hepatic epithelial stem-like cells. Compound 116 has also been isolated from the whole plant of S. glabra [31] . Biologically inactive sesquiterpenes 118 [5] , 119 [32] , 120 [54] and 121, 122 [35] have also been isolated from the whole plants of S. glabra.
In 1978, the first two lindenanes 123 and 124 were isolated from roots of C. glaber [55] . From the leaves of C. glaber, a new lindenane 125 was isolated [43] . Then, in 1994, the first two lindenane C-15 glycosides 126 and 127 were isolated [56] .
In 2009, two new sesquiterpenes, 128 and 129, were isolated from the aerial part of C. fortune [57] . A novel lindenane sesquiterpene with an unprecedented 18-membered triester ring 130 was isolated from the whole plant of C. fortune [58] .
Only two highly oxygenated lindenanilides 131 and 132 have been isolated from the roots of C. serratus [50] . Compound 132 is the first entry to 13-hydroxylated lindenanes in the Chloranthaceae. By now, three lindenanilides have been found in the genus of Hedyosmum. Compound 133 has been isolated from the extract of H. brasiliense [59] . The anti-leishmanial compounds 134 and 135 have been isolated from the ethyl acetate extracts of the bark of H. angustifolium [60] .
Guaianes
In the Chloranthaceae family, the 8,12-guaianolides are mainly secondary metabolites. The biological activities of this type of guaianes can be correlated with the presence of an α,β methylene function conjugated to a γ-lactone. There are five guaianes, 143 [36] and 144-147 [38] , isolated from the whole plant of C. multistachys. Compound 145 was reported for the first time as a constituent in the whole plant of C. spicatus in 2012 [10] .
From leaves of H. brasiliense, the only representative of the Chloranthaceae in Brazil, three compounds 148-150 have been isolated. These compounds do not show anti-mycobacterial activity against isoniazid-sensitive M. tuberculosis at concentrations of 1-30 µm [62] .
The first 7,10-epoxy-guaianolide constituent 151 of Chloranthaceae was isolated from the leaves of H. arborescens in 2005 [63] . Together with compounds 136-138, there are four 7,10-epoxy-guaianolides identified in Chloranthaceae plants to date. The absolute configuration of this class of guaianolides, with unusual 7,10-epoxy group, has been unambiguously established by analysis of the calculated and experimental VCD spectra [64] .
Compound 152 [2] , a guaiane with a unique C-4 and C-10 linkage, and its analogue 153 [3] , have been isolated from the whole plants of C. serratus. Isolation of three secoguaienes, 154 and 155 from the whole plant of C. henryi [17] and 156 from the roots of C. anhuiensis [39] , has been reported. In 2012, two new 12,8-guaianolide-type compounds 145 and 157 were isolated from the whole plant of C. spicatus [10] . Compound 158 has been isolated from the EtOH extract of the aerial parts of C. elatior [19] . . The characteristic feature of this class of compounds is a macro-ten-membered ring system that is sometimes fused to a furan ring.
Compounds 159-161 have been isolated from roots of C. serratus [1] . Compound 161, present in the amount of about 0.1% in fresh roots of this herb, has been speculated to be partially responsible for the insecticidal activity of this plant. Compound 162 has been isolated from the whole plants of C. serratus [2] . Compounds 163-165 have been isolated from leaves and stems of C. henryi [15] and 166 and 167 from the whole plants of C. henryi [17] . Compounds 168 and 169 have been isolated from the whole plants of C. spicatus [10] . Compounds 170 and 171, isolated from roots of C. aponicas [65] , were the first two germacrane-sesquiterpene reported from Chloranthaceae plants in 1981. Their possible biogenetic pathway is shown in Scheme 2. Compound 172 has been isolated from roots of C. fortune [44] and 173 from the whole plants of C. multistachys [38] . In 2006, in the search for hepatoprotective compounds from S. glabra, a new germacrane glycoside 174 was isolated [29] .
Cadinanes
Ten cadinanes (175-184) have been reported to date. These are compounds 175-178 from C. henryi [14, 17] , compounds 179-181 [4, 66] from C. serratus and compounds 182-184 from the whole plant of C. multistachys [36] .
By using the MTT colorimetric method, compound 177 shows antitumor activity against the Hela, A549, MCF, and K562 human-tumor cell lines, with IC 50 values of 4.7, 8.9, 9.6, and 11.8 µg/mL, respectively. Compound 181 [4] is a Chinese folk medicine for the treatment of bruises, bone fractures, and rheumatoid arthritis.
Eremophilanes
In 1988, a new sesquiterpene lactone 185, the enantiomer of istanbulin A, was obtained from S. glabra leaves [67] . Some six-eremophilene derivatives 186-190 [40] and 191 [39] are produced as phytoalexin in the fresh leaves of C. anhuiensis, in response to abiotic stress elicitation by CuCl 2 . These are the first reports of eremophilane-type sesquiterpenes in C. anhuiensis. From the whole plants of C. japonicus, three eremophilanes 192-194 have been repored. Compound 192 has been isolated from this species for the first time [28] . Reinvestigation of the AcOEt-soluble part of the EtOH extract of whole plants of C. japonicus have afforded compounds 193 and 194 [53] .
Aromadendranes
The first aromadendrane-type sesquiterpene isolated from Chloranthaceae plants was compound 195 which was found in the leaves of C. glaber in 1993 [43] . Compounds 196 and 197 were isolated from a polar extracts of the aerial parts of C. spicatus [7] . Compound 196 is the C-4, C-10 epimer of 195. From H. orientale, the only one species of Hedyosmum genus growing in China, a non-cytotoxic compound 198 has been isolated [37] . It is the C-4 epimer of compound 195 and C-10 epimer of 196. Investigation to the ethanol extract of the aerial parts of C. elatior has resulted in finding two aromadendranes 199 and 200. Compound 199 is the C-10 epimer of 200 [19] .
Elemanes
Five elemane-type sesquiterpenes, 201-205, have been reported as constituents of Chloranthaceae plants. Compound 201 has been isolated for the first from the essential oil of the flowers of C. spicatus [6] . Two new elemanolide glycosides 202 and 203 have been isolated from the whole plant of S. glabra [29] . Hepatoprotective activity against D-galactosamine-induced toxicity of these two new compounds have been examined in WB-F344 cells. This has been the first report of hepatoprotective activity from a Sarcandra species. In 2008, compound 204 was isolated from the whole plants of C. serratus as a new sesquiterpenoid [2] . It shows moderate activity against Helicobacter pylori-SS1 in 13 microorganisms with MICs of 25-50 µg/mL. In the course of study of the hot tea infusion from the fresh leaves of H. brasiliense, a new secondary metabolite 205 has been identified [46] .
Other sesquiterpenes
At present, only compound 206 with acorane skeleton has been found in Chloranthaceae plants. It has been isolated from the whole plants of C. japonicus [22] . Compound 207, isolated from aerial parts of C. spicatus, has a special skeleton with a trans 5/6 connectivity [7] . A new sesquiterpene with a novel bicarbocyclic framework 208 has been isolated from C. henryi. This compound exhibits anti-tumor activitiy against Hela and K562 human tumor cell lines [23] . Two sesquiterpene glucosides 209 and 210 have been isolated from the whole plant of C. japonicus [52] . Compound 210 is a rare bidesmosidic megastigmane sesquiterpene glucoside. The cytotoxic activities of compounds 209 and 210 have been tested by a MTT method but the results have showed marginal cytotoxic activities against Hepg-2, OV420, and MCF-7 cell lines. Compounds 211 from C. henryi [16] and 212 from C. anhuiensis [39] have been reported. In 2012, a new sesquiterpenoid 213, along with a known sesquiterpenoid 214, were isolated from the whole plant of C. spicatus [10] . Compound 215 is a new naturally occurring maaliane-type sesquiterpenoid isolated from the ethanol extract of the aerial parts of C. elatior [19] .
Sesquiterpene polymers
Sesquiterpene polymers are characteristic constituents of the chloranthaceous plants. More than 80 sesquiterpene dimers have been isolated from this family. Excepting 258 and 259, most of them comprise the same scaffold constructed from two lindenane moieties via a [4+2] cycloaddition reaction.
The dimeric sesquiterpenes 216-299 have been isolated from genera Chloranthus and Sarcandra. The distribution of these compounds in plants is as follows, C. japonicus (216-230), C. spicatus (231-243), C. multistachys (244-253), C. serratus (254-261), C. fortunei Kawabata and co-workers have searched for sesquiterpenes in plants of the Chloranthaceae and they have found a series of unusual sesquiterpene lactones having a lindenane skeleton (216-223) in the roots of C. japonicus. In 1990, the first dimeric sesquiterpene 216 consisting of two lindenane units was isolated. These two lindenane units can be obtained by pyrolysis of 216 (Scheme 3) [68] . The presence of 216 in the fresh extracts suggests that this kind of dimer is natural. Its molecular formula has been deduced as C 31 H 34 O 6 by EI-HR-MS. The spectrum shows a molecular ion peak at m/z 502 and two fragment ion peaks at m/z 274 and m/z 228 for the fragments discussed above. This result suggests that 216 is easily dissociated into its two components shown in Scheme 3.
In 1995, five novel lindenane dimers 217-221 were isolated from roots of C. japonicus [69] . In 1997, further investigation of the chemical constituents of C. japonicus yielded a novel lindenane trimer 222 along with a structurally related dimer 223. This is the first and the only trimeric lindenane sesquiterpene isolated from chloranthaceous plants [70] . These two compounds correspond to a basic lindenatriene which is a component of all shizukaols. In 2008 a new sesquiterpene dimer 224 with a macrocyclic tris-lactone unit attached at C-13′ and C-15′ was reported. Related compounds 225-230 were isolated in 2011 from the whole plants of C. japonicus. The MTT assay has been used to determine the cytotoxicity of 225 against a panel of eight cancer cell lines. However, this compound does not show any marked activity [27] . Experiments to find compounds with anti-HIV-1 activities from C. japonicus have led to the isolation of five new lindenane dimers 226-230 [71] . Compounds 226 and 227 represent the first examples of lindenane dimers with a C-5 hydroxy group and a C-4-C-15 double bond. Compound 230 is a rare lindenane disesquiterpenoid containing a hydroperoxy group at C-4.
Totally 13 lindenane dimers 231-243 were isolated from the whole plants and roots of C. spicatus. In 2007, an investigation on the whole plant of C. spicatus revealed three new dimeric sesquiterpenoids 231-233 [72] . Among them, 232 (named chloramultilide C) and 233 (named chloramultilide D), were also reported as new compounds, named henriol A and B, that were isolated from the roots of C. henryi in 2008 [73] . They all contain a 4-hydroxy substitution. The same year the Kim group examined the methanol extracts from the roots of C. spicatus, and isolated two new lindenane sesquiterpene dimers 234 and 235 which can be considered the products of a Diels-Alder cycloaddition involving a macrocyclic trilactone consisting of a 4-hydroxy-2-methyl-but-2-enoyl group and a succinyl group by ester linkages [74] . Compounds 236-239, new lindenane-sesquiterpene dimers possessing a hydroperoxy group, have been isolated from the roots of C. spicatus. These compounds can be considered to be biogenetic precursors for the corresponding hydroxy derivatives of dimeric lindenane sesquiterpenes distributed in Chloranthus plants [75] . Further study of the roots of C. spicatus have resulted in the isolation of four new lindenane sesquiterpenoid dimers 240-243, the absolute configurations of which have been determined by CD spectroscopic analysis [76] .
Compounds 244-253 have been isolated from whole plant of C. multistachys. In 2006, a highly complex sesquiterpenoid dimer 244 was found [77] . In 2010, two novel sesquiterpenoid dimers 245 and 246 were isolated from the whole plant of C. multistachys [78] . Six complex lindenane-type sesquiterpenoid dimers 247-252 have been isolated from the whole plant of C. multistachys [79] . Compounds 247 and 252 contain a unique 18-membered macrocyclic triester system. In 2013, an 8,9-seco-lindenane disesquiterpenoid 253 was isolated from whole plant tissues of C. multistachys [38] . This compound seems to be derived from the enzymatic endo-Diels-Alder cyclo-addition of two lindenanes and an enzymatic Baeyer-Villiger oxidation.
Chemical constituents investigation of roots and the whole plants of C. serratus, has revealed the presence of 254-261. In 1992, three novel dimeric sesquiterpenes 254-256 named shizukaol B, C and D, were isolated from the roots of C. serratus [80] . These compounds consist of two lindenane (modified eudesmane) units. Among them, compound 254 (named shizukaol B) was also reported as a new compound, named henriol C, isolated from the roots of C. henryi in 2008 [73] . In 1993, a novel dimeric sesquiterpene 257, having a C 2 -symmetric structure and the unique 12-membered ring system, was isolated from the roots of C. serratus [81] . In 2012, two dimeric sesquiterpenes, named serratustones A (258) and B (259) were isolated from the whole plants of C. serratus [82] . Serratustones A and B represent a new carbon skeleton that is formed by dimerization of an elemane and an eudesmane, and they are the first examples of nonlindenane-type sesquiterpenoid dimers from the Chloranthaceae family [82] . Compounds 260 and 261 have been isolated from the whole plant of C. serratus [4] .
Compounds 262-269 have been isolated from roots and aerial part of C. fortunei. The respective dimers 262-266 are named shizukaols K-O. A previously known sesquiterpene dimer 267 has also been isolated from the roots of C. fortune [83] . In the original literature, the proposed structure of compound 265 was incorrect. The revised structure of compound 265 is given in this review. In 2009, a sesquiterpene dimer 268 and a sesquiterpene glycoside 269 were isolated from the aerial part of C. fortune [57] . In all lindenane-type sesquiterpenoid dimers reported from Chloranthaceae family to date, only two compounds have a hydroxy group at C-15, one is compound 268 and the other is 247. Compound 269 is the 9-O-β-glucoside of 257. The initially proposed structure of 269 has been revised in this review.
Two highly complex sesquiterpenoid dimers 270 and 271 have been isolated from C. holostegius and the biogenetic pathway to 270 has been proposed in the literature [84] . Further analysis of C. holostegius has revealed the presence of four additional sesquiterpenoid dimers 267 and 272-274. A suggested biogenetic pathway to 272 and 273 can be found in the original literature [85] .
Investigation of the leaves of C. tianmushanensis have resulted in the isolation and characterization of two new sesquiterpene dimers 275 and 276 with a rare 18-membered triester ring system. Their proposed biogenetic pathway is described in the original literature [86] .
Twenty three novel lindenane-type sesquiterpenoid dimers have been found in the genus of Sarcandra. Three species in the Sarcandra genus of the Chloranthaceae family, which are mainly distributed in the southeast of Asia, and two of them, Sarcandra glabra and S. hainanensis, have been found to contain lindenane-type sesquiterpenoid dimers. In 2010, five new dimeric sesquiterpenoids, sarcandrolides A-E (277-281), were isolated from the whole plants of S. glabra [5] . In 2013, five new sesquiterpenoid dimers, sarcandrolides F-J (282-286), were isolated from the whole plants of S. glabra [35] . Compound 282 represents the first example of a lindenane-type sesquiterpenoid dimer bearing a hydroperoxy group at C-5. In 2015, 11 new sesquiterpene dimers, (287-297), were isolated from the seeds of S. glabra [87] . Compound 287 possesses a 17-membered macrocyclic ester system, which is different from the 18-membered rings present in other reported analogues. Two novel lindenane-type sesquiterpenoid dimers 298 and 299 have been isolated from the whole plants of S. hainanensis [88] . These two compounds feature a new nonacyclic scaffold in which the bond of C-11-C-7′ imposes the five-membered lactone ring in a full β-direction [88] .
Diterpenoids, triterpenoids and other terpenoids Labdanes
Thirty six labdane-type diperpenoids have been isolated from Chloranthaceae family. These compounds are distributed in the genus of Chloranthus as follows, C. henryi (300-315), C. anhuiensis (316-321), C. spicatus (322-327), C. serratus (328-334) and C. elatior (335). In 2006, the first two labdane-type diterpenes 300 and 301 were isolated from the roots of C. henryi. Compound 301 is a bis(norlandane) that exhibits antitumor activity against Hela and K562 human tumor cell lines [13] . Its analogues 302 and 303 isolated from C. henryi are biologically inactive [14, 23] . Further investigation of C. henryi by bioactivityguided fractionation has led to isolation of three new diterpenoids 304-306 and three known labdane diterpenes 307-309 [73] . Among them, compounds 304 and 307 show hepatoprotective activity against D-galactosamineinduced toxicity in WB-F344 rat hepatic epithelial stemlike cells. In search for new anti-rheumatoid agents, four new diterpenoids 310-313 and two known diterpenoids 314-315 have been isolated from the roots of C. henryi [16] .
In 2010, the first phytochemical investigation of the roots of C. anhuiensis led to the isolation two new labdanetype diterpenes 316 and 317 and four known compounds 318-321 [39] . In 2010, compounds 322-326 were isolated from the roots of C. spicatus [8] and compound 327 was isolated from the whole plants of C. spicatus [10] .
There are seven labdane-type diterpenes isolated from the whole plant of C. serratus. In 2012, two new norditerpenoids 328 and 329 were isolated [4] . In 2013, [90] five new biologically inactive [89] labdane diterpenes 330-334, named serralabdanes A-E, were isolated. The absolute configuration of the 12,13-diol moiety in serralabdane C (332) has been determined by using the induced circular dichroism after the addition of dimolybdenum teracetate in DMSO solution (Snatzke's method). One new labdane-type diterpenoid, named elatiorlabdane (335) has been found in the whole plants of C. elatior [11] .
Kauranes
In 2008, two new kaurane-type diterpenoids, 336 and 337, along with seven known compounds 338-344, were isolated from the whole plants of C. multistachys [90] . This is the only report on the isolation of kaurane-type diterpenoids from Chloranthaceae family.
Ent-abietanes
To date, 14 ent-abietane-type diterpenoids have been isolated from C. sessilifolius. In 2015, sessilifols A-N (345-358), were isolated from the whole plants of C. sessilifolius [91] . Sessilifols A (345) and B (346) possess an uncommon five-membered C-ring formed by oxidative cleavage of the C-13/C-14 bond in abieta-7,13-diene followed by the formation of a new C-C bond between C-12 and C-14. Sessilifol C (347) is a rare 7,8-seco-9-spirofused ent-abietane.
Norditerpenoids
Three new norditerpenoids 359-361 have been isolated from C. sessilifolius [91] . [92] and two known triterpenoids 364-365 [93] were isolated from the whole plants of S. glabra. A biologically inactive triterpenoid 366 has been isolated from the leaves and stems of C. henryi [14] . In 2007, a novel sesterpene 367 with an unprecedented skeleton was isolated from the trunk bark of H. angustifolium [94] . Under acidic conditions this compound undergoes isomerization to 368. A biologically inactive monoterpene 369 has been isolated from the aerial part of C. japonicus [25] . 376-382) . In 1984, compounds 370 and 371 were isolated from C. Japonicus [22] . In 1987, a coumarin glucoside 372 was found in the roots of C. holostegius [95] . In 2005, during the study of the chemical constituents of the roots of C. henryi, three coumarin glucosides 373-375 were obtained [12] , along with a new compound 132 of a different class. Chemical investigation to the whole plants of S. glabra has led to the isolation of compounds 376 [93] , 377 [96] , 378-381 [97] and 382 [98] . In 2009, a new coumarinolignan glucoside 329 was isolated from the whole plant of C. japonicus. This compound is marginally cytotoxic against human hepatoma (Hepg-2), ovarian carcinoma (OV420), and breast cancer (MCF-7) cells [99] .
Lignans
To date, only ten lignans 384-393 have been isolated from Chloranthaceae family, mainly found in C. japonicus and S. glabra. Compounds 384-388 belong to eupomatenoid benzofuran-type neolignans isolated from the whole Figure 3 Coumarin structures.
plants of C. japonicus [99] . Compounds 389, 390 [100] and 391-393 [101] have been isolated from the whole plants of S. glabra. Phenylpropionic acids 394 [96] , 395 [102] , 396 [98] , 397-400 [103] , 401 [100] , 402 [104] and 403-406 [105] have been isolated from the whole plants of S. glabra. In 2010, one new caffeoyl phenylethanoid diglycoside with an unusual cyclic structure, anhuienoside B (407), was isolated in the fresh leaves of C. anhuiensis [40] . Compounds 408 and 409 were isolated from the whole plants of C. multistachys [38] . Studies in 2015 led to the isolation of compound 410 from the fresh leaves of H. brasiliense [46] . Phenylpropanoids 411 [96] , 412 [104] and 413, 414 [105] have been isolated from the whole plants of S. glabra. Two new phenylpropanoids 415 and 416, a pair of stereoisomers, have been isolated from the whole plants of C. serratus [2] . Compound 417, a glucoside of 413, has been isolated from whole plants of C. multistachys [38] . [93] . Compound 436, a novel phenylpropanoid-substituted catechin glycoside, and compound 437 with a rare phenylpropanoidsubstituted dihydrochalcone have also been isolated from S. glabra [107] . Flavonoid 438 and chalcone 439 are two compound isolated for the first time from S. glabra [108] . In 2008, five flavonoid glycosides including 440-443 and a flavonone 3-O-glycoside 444 were isolated from the whole plants of S. glabra [102] . In the same year, a flavonone 6-C-glycoside 445 [109] and a rare flavonone 446 [98] without a 4′-substituent were isolated. Compounds 447-449, that differ in the absolute configuration at C-2 and C-3, were also isolated from S. glabra [100] . In 2012, two additional phenylpropanoid-substituted catechin glycosides 450 and 451 were isolated from the whole plant [33] . Flavonoids 452-463 have been obtained from the whole plants of S. hainanensis [110] [111] [112] . The chalcone 464, found in genus Chloranthus, has been isolated from whole plant tissues of C. multistachys [38] .
Phenylpropionic acids and other phenylpropanoids
391 (-)-(7S, 8R)-Dihydrodehydrodiconiferyl alcohol 9-O-α-D-glucopyranoside Whole plant S. glabra [101] 392 (-)-(7S, 8R)-Dihydrodehydrodiconiferyl alcohol 9′-O-α-D-glucopyranoside Whole plant S. glabra [101] 393 (-)-(7S, 8R)-Dihydrodehydrodiconiferyl alcohol 4-O-α-D-glucopyranoside Whole plant S. glabra [101]
Other compounds
Several amides 465-473 have been isolated from the genus of Chloranthus and Sarcandra. They are distributed in the species C. serratus [113] , S. glabra [98] , C. anhuiensis [40] and C. angustifolius [42] . These amide derivatives in Chloranthus and Sarcandra may serve as specific fingerprint markers for distinguishing between species within the genus.
Six steroids 474-479 are distributed in two kinds of plants, namely C. henryi and C. multistachys [38] . Compounds 480-487 are derivatives of benzoic acid. Compounds 480 [93] , 481 [104] , 482 and 483 [114] , 484 [105] and 485 [96] have been found in the whole plants of S. glabra. The esters 486 [38] and 487 [115] have been isolated from the whole plants of C. multistachys. Other carboxylic acids and alcohols, 488 [93] , 489-492 [110] , 493 [114] and 494 [108] have been isolated from the whole plants of S. glabra and S. hainanensis. Monosaccharides 495 and 496 have been isolated from the whole plants of S. glabra [108] . Two anthraquinones 497 and 498 found in the whole plants of S. hainanensis [110] [38] [30] and its aglycone 500 [116] have been isolated from S. glabra. In 2010, a new tetrahydrophenanthrene named henryin A (501) was isolated from the leaves of C. henryi [117] and a benzaldehyde derivative 502 was isolated from the leaves of C. anhuiensis [40] . In 2012, from the whole plant of S. glabra, a new glycoside 503 was isolated [101] . The phenylethanoid glycoside 504 has been isolated from C. multistachys [38] .
Biological activities
Antimicrobial activity 
Figure 6 (continued)
than that of dimethomorph. Therefore, compound 267 might be an interesting lead compound to develop effective antifungal agents [118] . Essential oils from C. japonicus and C. multistachys show strong antimicrobial activity against most tested microorganisms. For both species, minimum values for inhibitory and bactericidal concentrations are 0.39-12.50 mg/mL and 0.78-50.00 mg/mL, respectively. These essential oils may be natural sources of potent antimicrobial agents for the medicinal and pharmaceutical industries [119] .
Anti-inflammatory activity
Compounds 26 and 306 have been evaluated for antiinflammatory activities by measuring the inhibition [38] of the PAF induced release of β-glucuronidase from rat PMNs in vitro. These compounds inhibit the release of β-glucuronidase from rat PMNs induced by PAF [9] . [87] . The pretreatment with coumarin 377 increases the survival rate following LPS stimulation in mice. The effect involves regulation of NF-κB signal which, in turn, regulates production of inflammatory cytokine TNF-α, suggesting that IF may have a therapeutic effect against LPS-induced inflammatory disease [120] . Further research has suggested that compound 377 has a protective effect against LPS-induced acute lung injury (serious lung inflammation and increased capillary permeability) [121] .
Anti-tumor activity
Compound 33 shows moderate antitumor activity against human cervical squamous carcinoma (Hela) cells (IC 50 [13] . Codonolactone 56 inhibits invasion and migration of breast cancer cells in vitro. The mechanism of its inhibitory effects has been investigated and results suggest that 56 inhibits the binding of Runx2 to sequences of the mmp-13 promoter [122] . Compound 208 shows strong anti-tumor activity against Hela (IC 50 = 5.6 µg/mL), and K562 (IC 50 = 5.0 µg/mL). Compound 95 demonstrates moderate anti-tumor activity against Hela (IC 50 = 17.2 µg/mL, and K562 (IC 50 = 21.6 µg/mL) [23] . Compounds 282 and 284 exhibit cytotoxicity against the HL-60 cell line with IC 50 values of 0.03 and 1.2 µm, respectively [35] . Compound 93 shows moderate activity against A549 and HL-60 with IC 50 values of 3.1 and 8.8 µm, respectively [37] . Compound 177 shows remarkable antitumor activity against the Hela, A549, MCF, and K562 human-tumor cell lines, with IC 50 values of 4.7, 8.9, 9.6, and 11.8 µg/mL, respectively [14] . Crude extracts of C. japonicus and some isolates have been tested for their cytotoxicity against NCI-H460 (human large cell lung cancer cell line) and SMMC-7721 (hepatocellular carcinoma) cell lines. Among them, the methanol extract, ethyl acetate fraction, and isolated shizukaols B, C, D, and O (254, 256 and 266) show marked cytotoxicities with IC 50 value from 32.5 to 36.79 µm against NCI-H460, and 13.71 to 37.39 µm against SMMC-7721. Sesquiterpene dimers are presumably responsible for the cytotoxicities exhibited by C. japonicus [25] . [71] .
Anti-HIV activity
Compounds 455 and 456 have been assayed for their HIV-1 integrase (IN) inhibition activities with a microplate screening method using magnetic beads. The reference drug has been baicalein (IC 50 = 1.06 µm). They exhibit weak activities with IC 50 values of 18.05 and 25.27 µm, respectively [111] .
Additional biological activity
In the search for compounds with hepatoprotective activity from S. glabra, compounds 67, 68, 115, 126, 174, 202 and 203 have been found to be active at 10 -4 m in vitro, without any obvious cytotoxic effects [29] . This is the first report of hepatoprotective activity of compounds derived from a Sarcandra species [29] . Compounds 232 and 304-306 show moderate hepatoprotective activities with IC 50 values of 0.19, 0.66, 0.09 and 0.18 µm, respectively [73] .
The hydroalcoholic extract (HE) from H. brosiliense and compound 133 show activity in many assays of pain, such as abdominal constriction response caused by intraperitoneal injection of acetic acid, formalininduced licking, capsaicin-induced licking, hot-plate test, and tail-flick test. HE produces remarkable inhibition of acetic acid-induced abdominal constriction in mice (ID 50 = 12.7 mg/kg). In the assay of formalininduced licking, HE inhibits the first and second phase (ID 50 = 31.1 and 21.7 mg/kg, respectively). HE also has an effect on capsaicin-induced neurogenic pain (ID 50 = 69.0 mg/kg). Compound 133 shows graded antinociception against acetic acid writhing and capsaicin-induced neurogenic pain [59] .
The search for anti-leishmanial agents from H. angustifolium has led to the isolation of compounds 123, 133-135, and 197. Compound 133 exhibits significant activity against L. amazonensis and L. infantum with a value of IC 50 of 19.8 and 20.9 µm, respectively. This is the first time of anti-leishmanial activity finding for a lindenane sesquiterpene [60] .
Tyrosinase is a key enzyme for melanin biosynthesis in plants and animals. Tyrosinase inhibitors, therefore, can be clinically useful for the treatment of some dermatological disorders associated with melanin hyperpigmentation. Compounds 163 and 164 inhibit the enzyme tyrosinase with the IC 50 values of 325 and 269 µm, respectively, compared to the standard tyrosinase inhibitor kojic acid (IC 50 = 211 µm) [15] . Similar values have been found for 275 and 276 [86] .
Six novel sesquiterpenoid dimers isolated from C. holostegius have been tested their inhibition on the delayed rectifier (I K )K + current. Chlorahololides A (270) and B (271), exhibit potent and selective inhibition with IC 50 of 10.9 and 18.6 µm, respectively, and are 56-and 96-fold more potent than the positive control, tetraethylammonium chloride (IC 50 = 1.05 µm), a classical blocker of the delayed rectifier (I K )K + current [84] . Chlorahololides C-F (272, 267, 273 and 274), show potent and selective inhibition on the delayed rectifier (I K )K + current with the IC 50 values of 3.6 ± 10.1, 2.7 ± 0.3, 27.5 ± 5.1 and 57.5 ± 6.1 µm, respectively [85] .
Shizukaol D (256) can activate AMP-activated protein kinase (AMPK), which is a key sensor and regulator of intracellular energy metabolism, leading to a decrease in triglyceride and cholesterol levels in HepG2 cells. Compound 256 can also induce mitochondrial dysfunction by depolarizing the mitochondrial membrane and suppressing energy production, which may result in AMPK activation. This research suggested that 256 might be used to treat metabolic syndrome [124] .
Conclusions
In total, 299 sesquiterpenes have been isolated from plants of Chloranthaceae. Eudesmanes, lindenranes and sesquiterpene polymers are present in large numbers. The lindenrane-type sesquiterpene dimers can be used as chemotaxonomical markers of genera Chloranthus and Sarcandra. Since cadinane-type sesquiterpenes have been found only in three species, C. henryi, C. serratus and C. multistachys of genus Chloranthus, this class of compounds may be explored as the chemotaxonomical markers of the above three species or genus Chloranthus. Many species have been used by local people as traditional herbal medicines. Some components isolated from the herbal medicines exhibit significant bioactivities. For example, chlorahololides C-F (272-274) represent a new class of potassium channel blockers, and their potent and selective inhibition on the delayed rectifier (I K ) K + current suggest that further investigation into this structural class is warranted [85] . On the other hand, additional work is warranted to investigate mechanisms of these interesting bioactivities. There are also many species, such as plants of genus Hedyosmum and Ascarina, that have received no or little attention from the viewpoints of chemical and biological properties.
